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Background: In the past decade there has been an exponential increase in the use of Computerised
Tomography (CT) imaging in the assessment of patients with acute appendicitis. The aim of this study
was to compare management approaches and clinical outcomes of acute appendicitis in Sri Lanka and
the United Kingdom.
Methods: Data was collected prospectively from 400 patients referred to the General Surgical depart-
ment with a differential diagnosis of acute appendicitis, 200 at University Kelaniya Sri Lanka (SL group),
and 200 at University College London Hospital (UK group).
Results: The groups were similar with respect to gender, but the SL group was younger. Preoperative
work-up included ultrasound more commonly in SL patients, and CT more commonly in UK patients.
More patients underwent appendicectomy in the SL group, however a laparoscopic approach was uti-
lised more often in the UK group (50.5% vs. 11.9%). Post-operative complications were similarly repre-
sented in both groups, but re-admission occurred with greater frequency in the UK group (16.2% vs. 0%).
Histologically conﬁrmed appendicitis was seen in a signiﬁcantly greater proportion of SL patients (93.1%
vs. 79.8%). Multivariate analysis conﬁrmed male gender, and diagnosis and treatment in Sri Lanka to be
only factors signiﬁcantly associated with positive appendicitis.
Discussion: Expensive investigations such as CT do not appear to improve the diagnostic accuracy of
appendicitis or prevent complications. This study suggests diagnostic and treatment algorithms in the SL
hospital are more accurate and efﬁcient in conﬁrming appendicitis than those seen in the UK hospital
under investigation.
 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Acute appendicitis is the most common abdominal emergency
and accounts for approximately 40,000 hospital admissions in
England per year [1]. In the United States the annual rate of
appendicitis has increased from 7.62 per 10,000 in 1998 to 9.38 per
10,000 in 2008 [2]. Further the cost of diagnosis and treatment of
acute appendicitis has been shown to range from $1529 to $182,955
with a median of $33,611 [3]. Sir Zachary Cope stated, ‘Diagnosis oft Britain and Ireland 2013.
: þ44 207 9151012.
Markar).
ciates Ltd. Published by Elsevier Ltappendicitis is usually easy’ [4], and for decades we have based the
diagnosis on the patient’s medical history and physical examina-
tion, with laboratory investigations only aiding with interpretation
of clinical ﬁndings [5].
In the past decade there has been an exponential increase in the
use of Computerised Tomography (CT) imaging in the assessment
of patients with acute appendicitis within our own institution in
London [6]. A recent review of a large United States administrative
database of 13,228 men aged between 18 and 55 years assessed for
appendicitis from 2007 to 2011, demonstrated that 85% were
evaluated with primary CT imaging [7]. CT imaging resulted in a
higher overall length of hospital stay and greater cost, but was
associated with less morbidity and fewer 30-day readmissions in
this series. A further study from the United States compared CT tod. All rights reserved.
Table 1
Comparative analysis of UK and SL groups.
Variable UCLH (UK) University of
Kelaniya (SL)
P value
Patient no 200 200
Age 27 (5e98) 22 (5e84) 0.0008
M:F ratio 92:108 107:93 0.16
WCC 10.4 (2.7e27) 13.7 (4.3e25) <0.0001
CRP 16.1 (0.6e361.1) 12 (0e192) 0.10
USS (%) 63 (31.5) 129 (64.5) <0.0001
CT (%) 64 (32) 0 (0) <0.0001
Appendectomy performed (%) 99 (49.5) 159 (79.5) <0.0001
Laparoscopic appendectomy (%) 50 (50.5) 19 (11.9) <0.0001
Operation appendicitis (%) 78 (78.8) 148 (93.1) 0.001
Operation perforated
appendicitis (%)
10 (10.1) 14 (8.8) 0.90
Complications (%) 14 (14.1) 26 (16.4) 0.76
Re-admission (%) 16 (16.2) 0 (0) <0.0001
Histology positive
appendicitis (%)
79 (79.8) 148 (93.1) 0.003
Histology perforated
appendicitis (%)
7 (7.1) 2 (1.3) 0.03
WCC e white cell count.
CRP e C-reactive protein.
USS e ultrasound scan.
CT e computerised tomography imaging.
Table 2
Multivariate analysis for histology positive appendicitis.
Factor Odds ratio 95% C.I P value
Group (SL/UK) 4.97 1.96e12.64 0.0008
Age 1.01 0.99e1.04 0.35
Gender 3.28 1.55e6.92 0.002
USS appendicitis 1.49 0.51e4.34 0.46
CT appendicitis 1.17 0.41e3.33 0.77
USS e ultrasound scan.
CT e computerised tomography imaging.
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with CT utilised in 82% of patients; the authors suggested that CT
has become the primary modality dictating care in patients with
presumed appendicitis [8]. The increase in CT evaluation of acute
appendicitis has also been observed in children with studies
reporting a greater than 50% increase over 4 years with a concur-
rent decrease in ultrasound utilisation [9]. CT imaging does have a
high sensitivity and speciﬁcity in the evaluation of acute appendi-
citis, but is associated with a signiﬁcant level of radiation exposure
and a signiﬁcant cost to the healthcare system.
The aim of this study is to compare management strategies
including diagnostic and treatment algorithms along with clinical
outcomes, in patients with suspected acute appendicitis from a
teaching hospital in the United Kingdom (University College Lon-
don Hospital) and a similar teaching hospital in Sri Lanka (Uni-
versity of Kelaniya, Colombo).
2. Methods
Patients referred to the General Surgery departments at the
University of Kelaniya, Colombo, Sri Lanka (SL group) and the
University College London Hospital, London, United Kingdom (UK
group) with a differential diagnosis of acute appendicitis between
2011 and 2012 were included in this study. Patients were referred
either following assessment by a primary care practitioner or by a
senior resident in the emergency department, to the oncall general
surgical resident. All patients were then initially assessed by the
surgical resident using clinical history, examination and haemato-
logical investigations. Patients were then discussed with or
reviewed by the senior consultant, and further decision was made
for radiological investigation, surgery or discharge. Ethical approval
was obtained from local Institutional Review Boards. Data collec-
tion comprised preoperative demographics including patient age
and gender, as well as details of the diagnostic workup including
the use of preoperative haematological investigations (White cell
count (WCC) and C-Reactive protein (CRP)), Ultrasound (USS) and
Computerised Tomography (CT) scan.
200 consecutive patients were recruited for the study in both
the SL and the UK groups. The two groups were compared for pa-
tient demographics, pre-operative investigations (WCC, CRP, USS
and CT), incidence of appendicectomy, utilisation of a laparoscopic
approach, post-operative complications, re-admission, diagnosis of
appendicitis at surgery and histology. Dichotomous data were
analysed using Chi-Square or Fisher exact tests, and continuous
variables were analysed with Student’s t-test or ManneWhitney U-
test. All P-values reported were two-tailed, and P < 0.05 was
considered to be statistically signiﬁcant. Binary logistic regression
analysis was performed to determine speciﬁc factors associated
with positive appendicitis histology. Independent variables
included inmultivariate analysis included SL/UK group, patient age,
gender, positive appendicitis on USS and positive appendicitis on
CT. Sensitivity and Speciﬁcity were calculated for both USS and CT
for SL and UK groups. Follow-up was for a period of 30-days in all
cases.
3. Results
Four hundred patients were included in this study; 200 patients
from the SL group and 200 patients from the UK group. Patients
referred with acute appendicitis were signiﬁcantly younger in the
SL group (median age; 22 (5e84) vs. 27 (5e98) years; P ¼ 0.0008).
There was no signiﬁcant difference in gender between the groups
(Table 1). AdmissionmedianWCCwas signiﬁcantly increased in the
SL group (13.7 (4.3e25) vs. 10.4 (2.7e27); P < 0.0001). Admission
median CRP was similarly represented between the groups (12 (0e192) vs. 16.1 (0.6e361.1); P ¼ 0.10). Ultrasound was used more
commonly in the SL group when compared to the UK group (64.5%
vs. 31.5%; P < 0.001). CT was used only in the UK group and no
patient in the SL group underwent CT (32% vs. 0%; P < 0.0001).
Appendicectomy was performed more often in the SL cohort
(79.5% vs. 49.5%; P < 0.001), with a laparoscopic approach utilised
more commonly in the UK group (50.5% vs. 11.9%; P < 0.0001). The
incidence of post-operative complications was similar between the
groups (14.1% (UK) vs. 16.4% (SL); P ¼ 0.76), however re-admission
was seen only in the UK group (16.2% vs. 0%; P < 0.0001). Histology
positive for appendicitis was seen more commonly in the SL group
(93.1% vs. 79.8%; P ¼ 0.003), with perforated appendicitis on his-
tology observedmore often in the UK group (7.1% vs.1.3%; P¼ 0.03).
Multivariate analysis conﬁrmed surgery in the SL group and male
gender to be the only independent variables signiﬁcantly associ-
ated with positive appendicitis histology (Table 2).
The sensitivity and speciﬁcity of USS in the UK group was poor,
45.6% and 59.3% respectively (Table 3). Especially when compared
to the sensitivity and speciﬁcity seen in the SL group, 80.2% and
81.8% respectively. CT performed well in the UK group as reﬂected
by a sensitivity and speciﬁcity of 83.9% and 90.9% respectively. CT
demonstrated other pathology that was responsible for the pa-
tient’s symptomatology and thus avoiding surgery in 4 cases (6.3%).
The intra-operative accuracy of assessment of the appendix was
similar between the groups with a positive predictive value of
94.9% in the UK group and 97.3% in the SL group. The negative
predictive value was also similar between the groups (71.4% (UK
group) vs. 63.6% (SL group)).
Table 3
Diagnostic accuracy of radiological investigations in the assessment of acute
appendicitis.




USS (SL) 80.2% 81.8% 92.8% 58.7%
USS (UK) 45.6% 59.3% 11.6% 81.4%
CT (UK) 83.9% 90.9% 89.7% 85.7%
USS e ultrasound scan.
CT e computerised tomography imaging.
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In more recent years in Western countries there has been an
increase in the utilisation of ultrasound (USS) and computerised
tomography (CT) imaging to further improve diagnostic accuracy
for appendicitis whilst excluding other causes of lower abdominal
pain. We previously demonstrated an increase in the use of CT for
acute appendicitis by 26% within our institution in the United
Kingdom from 1999 to 2009 [6]. Some studies have suggested a
beneﬁt to the use of CT and USS in patients where the diagnosis is
unclear, especially in older age groups and women [10,11]. Other
authors feel that these investigations do not reduce negative ap-
pendicectomy rate, and may even lengthen the time to diagnosis
and lead to increased perforation rates from acute appendicitis [12].
The aim of this prospective comparative study was to compare
management strategies including diagnostic and treatment algo-
rithms along with clinical outcomes, in patients with suspected
acute appendicitis from a teaching hospital in the United Kingdom
and a similar teaching hospital in Sri Lanka. There was a difference
in the radiological investigations used between the institutions
with the SL group using USS in twice the proportion of patients
seen in the UK group (64.5% vs. 31.5%). The increased utilisation of
USS in the SL cohort corresponds with an impressive sensitivity
(80.2%) and speciﬁcity (81.8%) compared to the poorer performance
of USS seen in UK cohort. It is important to acknowledge that Body
Mass Index is an important confounding variable that may inﬂu-
ence the diagnostic accuracy of USS, which was not analysed in this
current study. At the University of Kelaniya, Sri Lanka, Ultrasound is
the ﬁrst choice radiological investigation for a number of abdom-
inal disorders, this ensures that radiologists are highly trained
through a huge volume of practice, resulting in the impressive re-
sults seen in this study. In contrast the majority of ultrasounds in
the UK group were performed by sonographers with less experi-
ence that the radiologists in the SL group, which signiﬁcantly
contributed to the differences in sensitivity and speciﬁcity
observed.
Further differences in the utilisation of radiological in-
vestigations included CT, which was not used in any patient in the
SL group compared to almost a third of UK patients. CT did have a
good sensitivity (83.9%) and speciﬁcity (90.9%) compared to USS in
the UK cohort. This further suggests an improved performance in
radiological investigation assessment especially in USS, associated
with volume of practice as has been seen in many surgical pro-
cedures [13]. This increased usage of CT in the diagnosis of
appendicitis does have signiﬁcant ﬁnancial implications for insti-
tutional and national health services. The argument of whether
pre-operative CT imaging increases length of hospital stay as a
result of waiting for the scan [14] or whether it reduces the time to
diagnosis and therefore decreases the length of hospital stay within
the emergency department remains contentious [15]. In this study
the rate of perforationwas greater in the UK cohort (7.1% vs. 1.3%) as
was the usage of CT. Both institutions had similar practice pattern in
terms of time to surgery for acute appendicitis. If a diagnosis of
acute appendicitis wasmade then surgerywas carried out the sameday or the next morning. The maximum delay for surgery was
approximately 12 h in both groups. However it was not possible to
imply a causative relationship between the use of CT with delay in
diagnosis and perforation, from the observational data presented
here. It is also important to be aware that patients undergoing CT
are exposed to a signiﬁcant dose of radiation, estimated to be
approximately 100e500 times that of conventional radiography,
with a life-time risk of cancer as high as 1 in 80 from a single CT
scan [16]. In comparison USS is a safe, inexpensive and readily
available imagingmodality, but as suggested by this study, accuracy
remains highly sonographer dependent.
Assessment of treatment strategies demonstrated that laparo-
scopic appendicectomy was performed more commonly in the UK
cohort (50.5% vs. 11.9%). This is reﬂection of a difference in provision
of service that exists between teaching hospitals in the United
Kingdom and those in Sri Lanka. Laparoscopy is both a diagnostic
and therapeutic modality especially in women, with the added
advantages of being able to visualise pelvic anatomy that may be
responsible for the patient’s symptoms [17]. Previously we have
demonstrated the clinical beneﬁts of laparoscopic appendicectomy
in speciﬁc cohorts including obese patients, children and elderly
patients [18e20]. However in this comparative study there was no
signiﬁcant difference between the groups in the incidence of post-
operative complications despite the increased use of laparoscopy
seen in the UK cohort. No readmissions were seen in the SL group
compared to a readmission rate of 16.2% in the UK group. The
majority complications seen in the SL group werewound infections
or wound related pain, which did not require readmission and was
managed in the outpatient setting.
Intra-operative assessment of acute appendicitis as determined
by the operating surgeon did demonstrate a good correlation with
pathological ﬁndings as reﬂected by a high positive predictive value
(94.9% and 97.3%) in both groups. The incidence of positive histol-
ogy for appendicitis was greater in the SL cohort (93.1% vs. 79.8%)
and further in multivariate analysis surgery in Sri Lanka was
signiﬁcantly associated with positive histology. Together with the
assessment of intra-operative ﬁndings this would suggest that a
greater proportion of patients underwent unnecessary surgery for
presumed appendicitis in the UK group. Furthermore this would
imply that despite the increased use of CT imaging seen in the UK
cohort, the diagnostic algorithms seen in Sri Lanka did perform
better in determining the allocation of surgical treatment. A greater
reliance on good clinical judgement and the improved diagnostic
performance seen in Sri Lanka may also be a reﬂection of surgical
trainees having a greater experience and conﬁdence in diagnosing
acute appendicitis without a reliance on radiological investigation
seen in the UK. Although we have been unable to provide a cost-
efﬁciency analysis, it may be presumed that given the increased
use of CT and of un-necessary appendicectomy seen in the UK
group, that the management strategies employed in Sri Lanka are
more cost-effective.
This prospective comparison of the diagnosis and treatment of
acute appendicitis in a teaching hospital in Sri Lanka and in the
United Kingdom does suggest areas for improvement in the diag-
nostic algorithms seen in the UK group. Given the current economic
climate, a cost-effective approach to the diagnosis and treatment of
this extremely common surgical condition is absolutely necessary.
Following this study we advocate the increased use of ultraso-
nography as a ﬁrst-line radiological investigation and a critical
evaluation of diagnostic performance in the assessment of patients
with clinically equivocal signs. Further we suggest the judicious use
of CT imaging in selective cases where ultrasonography has failed to
provide a diagnosis or in cases of elderly patients with symptoms
suggestive of malignancy. We further suggest that appendicitis
remains a clinical diagnosis based upon a good clinical history and
S.R. Markar et al. / International Journal of Surgery 12 (2014) 357e360360
ORIGINAL RESEARCHserial examination, with supplementary haematological and
biochemical investigations, with radiological investigations
reserved for only patients with diagnostic uncertainty.
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